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1

RESISTOR STRUCTURE AND PROCESS

FIELD OF THE INVENTION

This invention generally relates to the fabrication of >

semiconductor devices and specifically to a resistor
structure and process.

BACKGROUND OF THE INVENTION
Electronic digital and analog integrated circuits often

10

require resistors to perform the desired functions. One

type of resistor is the diffused resistor wherein a region
of a semiconductor layer is doped to the opposite polar-
ity as the remainder of the layer. There are several
disadvantages to using diffused resistors. In the diffused
resistor there inherently is a capacitance at the interface
of the resistor and the underlying semiconductor layer.

15

This capacitance can lead to current leakage and slower

device operation.
Another type of resistor which may be formed on an

integrated circuit is a polysilicon resistor. Although

some of the capacitance problems may be minimized
with certain poly resistor structures, the devices are
typically more difficult to build. Typically, two mask-
Ing levels and possibly two layers of polysilicon are
required to implement a poly resistor. This complex
process adds additional cost and potential yield prob-
lems.

Accordingly, improvements which overcome any or
all of the problems are presently desirable.

SUMMARY OF THE INVENTION

Other objects and advantages will be obvious, and
will 1n part appear hereinafter and will be accomplished
by the present invention which provides a method and
structure for a resistor.

20

25

30

335

A method of forming an integrated circuit device

inchuding at least one polysilicon resistor is disclosed
herein. A polysilicon layer is formed, possibly over a
field oxide. The polysilicon layer is then doped to
achieve a selected sheet resistance. An insulating layer
(e.g., an oxide, a nitride or a combination thereof) is
then formed over the polysilicon layer. The insulating
layer is patterned and etched to define a resistor body in
the underlying polysilicon layer. The polysilicon layer
1s then patterned and etched to define first and second
resistor heads abutting the resistor body while simulta-
neously at least one polysilicon element of a second
electronic device is formed.

An advantage of the invention is its simplicity since
the poly resistor is formed using basically the same
process steps as the remainder of the fabrication flow.
The mmnimization of additional process steps will re-
duce production costs.

In addition, the process of the invention is simplified
since the polysilicon resistor is isolated by the insulating
layer on top and on the sidewalls if the resistor heads are
to be silicided. | |

A further advantage is obtained if the resistor is
formed over a field insulating region such as an oxide.
With the oxide formed between the resistor and the
substrate, the capacitance from the resistor to the sub-
strate will be minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features of the present invention will be
more clearly understood from consideration of the fol-
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lowing descriptions in connection with accompanying
drawings in which:

FI1G. 1 1s a cross-sectional view of a resistor built
according to the present invention;

FIGS. 2, 3, 4a—4c and 5a-5¢ illustrate cross-sectional
views of device at various stages in the fabrication pro-
cess.

Corresponding numerals and symbols in the different
figures refer to corresponding parts unless otherwise
indicated.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The making and use of the presently preferred em-
bodiments are discussed below in detail. However, it
should be appreciated that the present invention pro-
vides many applicable inventive concepts which can be

embodied in a wide variety of specific contexts. The

specific embodiments discussed are merely illustrative
of specific ways to make and use the invention, and do
not delimit the scope of the invention.

The following is a description of the structure and
method of the present invention. The preferred embodi-
ment will be described first followed by a description of
the fabrication process.

Referring first to FIG. 1, a first embodiment resistor
10 is illustrated. In the illustrated embodiment, the resis-
tor 10 1s formed on a field insulating region 12 which
may typically comprise an oxide such as silicon dioxide.

The resistor includes a resistor body 14 and two resis-
tor heads 16. In the illustrated embodiment, the resistor
body 14 and resistor heads 16 comprises n-doped poly-
crystalline or amorphous silicon. Of course, p-type im-
purities may also be used to obtain the desired conduc-
tivity. The resistor body 14 is lightly doped to achieve
the desired sheet resistance for the particular applica-
tion. The resistor heads 16, on the other hand, are typi-
cally more highly doped so to make good contact, i.e.,
very low electrical resistance, with the other compo-
nents in the circuit.

Formed above resistor body 14 is insulating layer 18.
The insulating layer 18 may comprise an oxide layer, a
nitride layer or a combination thereof as examples. The
insulating layer 18 defines the geometry of the resistor
body 14. |

Also 1llustrated in FIG. 1 are sidewall spacers 20. The
sidewall spacers 20 may be formed from an oxide, a
nitride or a combination thereof. Other elements, such
as passivation, metalization, leads, and packaging, are
not shown for clarity.

The resistor described herein may be used for any of
the known integrated circuit technologies including,

“but not limited to, metal oxide semiconductor (MOS),

complementary metal oxide semiconductor (CMOS),
and bipolar. The resistor may especially be used in BiC-
MOS (combination of bipolar and CMOS devices on
the same chip) circuits.

A preferred embodiment fabrication process is illus-
trated in FIGS. 2 through S. Referring first to FIG. 2, a
field insulating region 12 and thin insulating layer 22 are
formed on the surface of semiconductor substrate 8.
The insulating region 12 and layer 22 may be formed
using any known process such as thermally growing an
oxide or depositing an oxide. These elements are op-
tional and may be eliminated as desired. |

In the first step of the preferred embodiment inven-
tion a polysilicon layer 24 is formed on the surface of
substrate 8 such that a portion overlies field oxide 12.
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The polysilicon layer may be deposited to a thickness of
between about 3000 and 5000 A. The polysilicon layer
24 1s then doped to achieve the desired resistor sheet
resistance. The polysilicon layer 24 may be doped by
ton implantation or diffusion subsequent to deposition 5
or may be 1n situ doped. Either n-type or p-type impuri-
ties may be used. In addition, the polysilicon layer may
be deposited as amorphous silicon and annealed to form
polycrystalline silicon or if desired an amorphous sili-
con resistor may be fabricated. 10

Additionally, further processing may be formed on
substrate 8 prior to forming polysilicon layer 24. For the
purposes of this invention, however, these processing
steps are unimportant.

Referring next to FIG. 3, an insulating layer 18 is 1°
blanket deposited over the surface of polysilicon layer
24. The insulating layer 18 may comprise an oxide, a
nitride or a combination thereof and it typically be-
tween 2500 and 5000 A thick. It should be noted that the
thickness of insulating layer 18 should be sufficient to
block additional implants and not be totally removed
during sidewall spacer formation (if sidewall spacers are
desired). It may also be advantageous to have sufficient
thickness to block the source/drain implant (of the
MOS devices). However, this is not required if the
source/drain pattern protects the body of the poly resis-
tor.

Photoresist layer 26 is then formed over the insulat-
ing layer 18 and patterned to form the desired geometry
of the resistor body. The insulating region 18 is then
etched using known etch technologies.

Referring now to FIG. 4a, the polysilicon layer is
patterned to form the resistor including resistor heads
16 as well as other polysilicon elements 28 of other 35
devices on the integrated circuit. For example, if the
other device is a MOS device the polysilicon element 28
may be a gate or if the other device is a bipolar device
the polysilicon element may be the emitter. Other
polysilicon elements may also be formed. Once again, it 4,
1s noted that insulating layer 22 is optional and is not
included for all devices.

As 1llustrated by the top view of FIG. 45 and the side
view of FIG. 4¢, the resistor heads 16 may be formed at
the ends of the resistor body 14. These heads may be a 45
smaller width than the body 14 of the resistor which has
a geometry defined by the insulating layer 18. One ad-
vantage of the present invention is that the resist pattern
defines the heads 16 of the poly resistor at the same time
that the poly emitters, CMOS gates or other compo- s5q
nents are patterned.

The polysilicon layer 24 may be further doped prior
to or subsequent to patterning and etching the layer 24.
The doping, possibly by ion implantation, is performed
to obtain the desired conductivity of the wvarious ss
polysilicon elements. Typically, the same type impurity
1s used as was used to obtain the desired resistor sheet
resistance. It should be noted the doping concentration
of the polysilicon resistor body 14 will not be effected
because insulating region 18 (and possibly resist layer 26 60
as well) will block additional dopants.

Referring now to FIG. 5, several additional steps
may also be performed. These additional steps, how-
ever, are not critical to the present invention.

A screen oxide (not shown), e.g., 300 A thick, may be 65
deposited and patterned to create the pattern for a
lightly doped drain (LDD) region of a MOSFET de-
vice. The LDD region may then be implanted.
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A sidewall oxide layer may then be deposited and
subsequently etched to form spacers 20 on emitter,
gates, resistors and other structures in the device. A
cross-sectional view of the integrated circuit device is
illustrated in FIG. 54. FIG. 5b illustrates a cross section
through the width of the resistor and FIG. 5S¢ illustrates
a top view of the resistor. Methods for forming sidewall
spacers are known in the art.

Additional process steps as known may also be per-
formed. For example, a screen oxide may be deposited
and patterned to implant the source and drains of a
MOS device. This step will also form a low resistance
head on the resistor which can be contacted by local
interconnect or metal.

Further, the source and drain may be annealed. If so,
the heavily doped regions 16 may encroach beneath the
insulating layer 18 as illustrated in FIG. 5a.

In addition, a silicide may be formed on the heads 16
of the resistor as well as other desired components.
During the silicide process, the resistor body is isolated
by sidewall spacers 20 and insulating layer 18 (as illus-
trated in FI1G. §). This isolation provides another advan-
tage to the present method. Once again, process for
forming silicides are well known in the art.

The process described herein may be easily incorpo-
rated into standard BiCMOS processes. For example,
the CMOS gate and the polysilicon emitter may be
formed from the same layer of polysilicon as the resis-
tor. In this particular case, a split poly process is used to
accomplish this. However, the resistor structure de-
scribed here 1s not limited to split poly processes or
BiCMOS processes.

While this invention has been described with refer-
ence to 1llustrative embodiments, this description is not
intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative em-
bodiments, as well as other embodiments of the inven-
tion, will be apparent to persons skilled in the art upon
reference to the description. It is therefore intended that
the appended claims encompass any such modifications
or embodiments.

What is claimed is:

1. A method for fabricating a polysilicon resistor
comprising the steps of:

forming a polysilicon layer;

doping said polysilicon layer to obtain a selected

resistivity;

forming an insulating layer over said polysilicon

layer;

etching a portion of said insulating layer such that a

resistor body portion of said polysilicon layer re-
mains beneath said insulating layer; and

etching said polysilicon layer to form a resistor which

includes said resistor body and at least two contact
portions abutting said resistor body, wherein said
resistor body is wider than said contact portions.

2. The method of claim 1 wherein said insulating
layer comprises an oxide layer.

3. The method of claim 1 wherein said insulating
layer comprises an nitride layer.

4. The method of claim 1 wherein said polysilicon
layer is formed at least partially over a field oxide re-
gion.

5. The method of claim 1 and further comprising the
step of doping said polysilicon layer prior to etching
said polysilicon layer.



'

6. The method of claim 1 and further comprising the
step of doping said contact portions of said polysilicon
layer subsequent to etching said polysilicon layer.

7. The method of claim 1 and further comprising the
step of forming a silicide region on said contact por-
tions.

8. The method of claim 1 wherein said doping steps
comprise implanting an n-type impurity.

9. The method of claim 1 wherein said doping steps
include doping both n-type and p-type impurities.

10. A method of forming an integrated circuit device

including at least one polysilicon resistor comprising

the steps of:

forming a polysilicon layer;

doping said polysilicon layer to achieve a selected
sheet resistance;

forming an insulating layer over said polysilicon
layer;

patterning and etching said insulating layer to define
a resistor body in said polysilicon layer; and

patterning and etching said polysilicon layer to define
first and second resistor heads abutting said resistor
body and simultaneously defining at least one
polysilicon element of a second electronic device,

said resistor body wider than said first and second
resistor heads.
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11. The method of claim 10 wherein said resistor
body 1s formed at least partially over a field oxide re-
gion.

12. The method of claim 10 and further comprising
the step of forming a sidewall insulating region adjacent
said polysilicon element subsequent to patterning and
etching said polysilicon layer.

13. The method of claim 10 and further comprising
the step of doping said resistor heads prior patterning
and etching said polysilicon layer.

14. The method of claim 10 and further comprising
the step of doping said resistor heads subsequent pat-
terning and etching said polysilicon layer.

135. The method of claim 10 and further comprising
the step of annealing said polysilicon layer subsequent
to pattering and etching said polysilicon layer.

16. The method of claim 10 wherein said insulating
layer comprises an oxide layer.

17. The method of claim 16 wherein said insulating
layer comprises an oxide/nitride layer.

18. The method of claim 10 wherein said second
electronic device comprises a field effect transistor.

19. The method of claim 18 wherein said at least one
element comprises a field effect transistor gate.

20. The method of claim 10 wherein said integrated
circuit device comprises at least one bipolar device and

at least one CMOS device.
¥ * » ¥ x
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